Ten raccoons were divided into two random groups (groups 1 and 2) of five animals each. Group 1 raccoons were inoculated intramuscularly in the masseter muscle with a raccoon rabies virus isolate obtained from a natural case of raccoon rabies from the northeastern USA. Group 2 raccoons were infected by a similar route with a Latin American canine isolate of rabies virus. Raccoons either died suddenly or developed neurologic signs compatible with rabies. Clinical signs of rabies in group 1 raccoons were more severe than in group 2. Raccoons in group 1 either died acutely or were euthanized within 25 days ( ± SD = 20.6 ± 2.7 days) postinfection, whereas all group 2 raccoons showed neurologic signs and were euthanized within 17 days (14.2 ± 2.2 days) postinfection. Light microscopic findings revealed extensive nonsuppurative encephalitis predominantly located in the cerebrum and brain stem of raccoons in group 1, whereas in group 2 raccoons the lesions were confined to the brain stem regions. In group 1 raccoons, Negri bodies were commonly seen on hematoxylin and eosin (HE)-stained sections of brain and in ganglion cells of 5 other tissues (trigeminal nerve, salivary glands, duodenum, pancreas, adrenal gland). Negri bodies, however, were either absent or were only occasionally observed in corresponding tissues of raccoons infected with the canine strain (group 2). Paraffin-embedded tissue sections were also examined for Negri bodies by an immunoperoxidase test, which revealed results similar to the HE findings. Results of this study are compared with histopathologic and immunohistochemical findings in raccoons naturally infected with rabies.
A major rabies epizootic is currently in progress neuronal and in nonneuronal organs. 9 These different among raccoons in the eastern USA. 18 In response to morphologic presentations by 2 unrelated isolates of this outbreak, an oral vaccinia-rabies glycoprotein (V-rabies virus prompted us to further investigate this RG) recombinant virus vaccine has been developed. phenomenon. In vaccinated raccoons, the V-RG vaccine produces protective immunity for at least 6 months. 22 To date the vaccine has been field tested for raccoons in 5 northeastern states 21 and Florida and for coyotes in Texas.
During experimental evaluation of the V-RG vaccine, nonvaccinated control raccoons that succumbed to rabies infection had histopathologic changes confined to the brain stem, 22 whereas naturally infected rabid raccoons from the eastern rabies enzootic area had microscopic lesions that were distributed predominantly in the cerebrum. 9 Similarly, in the experimental raccoons, there was a paucity of Negri bodies within neurons, whereas in the naturally exposed raccoons there were numerous Negri bodies present within both This investigation documents clinicopathologic findings in raccoons that were experimentally infected with a raccoon or a canine rabies isolate. The study also enabled a comparison of neuropathologic changes (including immunohistochemical findings) in experimental and spontaneous cases of rabies in raccoons, which have recently been described. 9 The raccoons in this study were control animals that were used for oral vaccine experiments.
Materials and methods
Animals. Ten adult raccoons were obtained from a commercial breeder in Ohio, a raccoon rabies-free area, and were kept in confinement for at least 6 mo prior to utilization in the experiment. At the start of the experiment, all were seronegative for rabies virus neutralizing antibody. 22 The routine husbandry and handling were similar to those previously described. 22 Raccoons were kept in stainless steel squeeze cages and were fed cat food a twice a day, and water was available ad lib. On day 0, they were sedated with ketamine and xylazine and inoculated in the masseter muscle with either a raccoon (raccoon nos. 1-5, group 1) or a canine (raccoon nos. 6-10, group 2) isolate of rabies virus. Animals were observed daily and were sedated and euthanized with an intravenous dose of sodium pentobarbitol when they developed neurologic signs suggestive of rabies.
Virus isolates. The MD 5951 rabies virus strain, originally isolated from a dog in Latin America, 26 was propagated in mouse neuroblastoma cell culture. It was used for inoculation at an infectivity titer of 10 6.9 mouse intracerebral LD 50 (MICLD 50 ) per milliliter. Approximatly 0.3 ml per raccoon was used to produce the infection in the right masseter muscle.
The raccoon isolate was a salivary gland suspension from a naturally infected raccoon from Pennsylvania. It had a titer of 10 5.8 MICLD 50 per milliliter, used at a volume of 0.3 ml in the right masseter muscle.
Both isolates were previously determined to be antigenitally distinct when characterized via monoclonal antibodies (MAbs) to rabies virus. 19 Tissue samples. Prior to euthanasia, a blood sample was obtained for determination of rabies virus neutralizing antibodies. 22 A complete postmortem examination was done on all raccoons. Representative tissue samples of major organs, including whole brain, proximal cervical spinal cord, and Gasserian ganglia, were collected and fixed in 10% buffered formalin. A sample of proximal cervical spinal cord was also collected and frozen for the fluorescent antibody (FA) test for rabies diagnosis, as described previously. 5 The formalin-fixed brain was cut in serial coronal sections of approximately 3 mm thickness. All the neuronal sections and representative nonneuronal tissue samples were processed for histopathology. Sections were embedded in paraffin, cut at 5 µm thickness, and stained with hematoxylin and eosin (HE) for examination by light microscopy. Neuronal microscopic lesions were recorded on outline drawings of brain cross sections.
Selected sections of brain (cerebral cortex, hippocampus, cerebellum, brain stem), Gasserian ganglion, tongue, parotid salivary gland, pancreas, duodenum, and adrenal gland were stained by an immunoperoxidase technique (streptavidinbiotin complex, [ABC]) to detect rabies antigen. [6] [7] [8] [9] For the latter, a mixture of three different MAbs (502-2, 377-7, 801-3) against the nucleocapsid antigen of rabies virus was used. [7] [8] [9] 19 Primary antibodies (ascitic fluids) were prepared as described previously. 20 The immunohistochemical staining was performed as previously described. 6 Sections were heated at 55 C to melt the paraffin, deparaffinized in xylol, hydrated through graded ethanols, and digested with pronase (2.5 µg/ml) for 30 min. Sections were then rinsed in Tween with phosphate-buffered saline, and endogenous peroxidase activity was blocked by 3% hydrogen peroxide in methanol for 20 min. Sections were rinsed again, treated with normal goat serum for 20 min to reduce nonspecific staining, and incubated with diluted primary antibody for 60 min at room temperature in a humid chamber. Past experience has shown that dilutions of 1:500 and 1:1,000 for the MAbs and polyclonal antibodies, respectively, are required for optimal results. Sections were incubated at room temperature with biotinylated secondary antibody for 15 min and with the streptavidin peroxidase complex for 15 min and were stained with 3-amino-9-ethyl carbazole as a substrate and counterstained with Mayer's hematoxylin. Brain tissue sections from raccoons naturally infected with rabies 8 and with canine distemper were used as positive and negative controls, respectively.
Results
Raccoons infected with the raccoon rabies virus isolate (group 1) exhibited sudden and dramatic neurologic signs, including various combinations of circling, head pressing, unilateral head tilting, excessive licking of body parts (usually the genital areas and the tip of tail), and occasional self mutilation of limbs or genital areas. Self-mutilation was only observed in raccoons that developed neurologic signs during the night; such animals were euthanized immediately when these signs were observed. Raccoons inoculated with the canine rabies virus isolate (group 2) did not show dramatic neurologic signs of rabies encephalitis. One of the animals in this group was apparently normal at the end of the day but was found dead the following morning (raccoon no. 6, Table 1 ). Gross lesions suggestive of rabies were not seen in this animal. The remainder of the raccoons in the group showed only vague neurologic signs (depression, anorexia, lethargy) and were euthanized as soon as these signs were observed.
All raccoons infected with the canine isolate (group 2) succumbed or were euthanized within 17 days ( ± SD = 14.2 ± 2.2 days) postinfection. In contrast, group 1 raccoons, infected with the raccoon strain, survived longer (all euthanized within 25 days [20.6 ± 2.7 days postinfection]) than those in group 2 (P < 0.5) (Table   1) .
Serum samples collected from raccoons, either when found dead or when euthanized, demonstrated seroconversion to rabies virus (>4-fold difference between day 0 and necropsy samples) in all animals. The proximal cervical spinal cord of all raccoons was positive on the FA test for rabies.
Gross lesions were confined to Group 1 raccoons; 3 of 5 had areas of alopecia and reddening of the underlying skin, usually tail and genital areas, indicating excessive licking or evidence of self-mutilation. Raccoon no. 4 had a focal unilateral chronic ischemic area in the cerebrum. This was an incidental finding and has been described in detail elsewhere. 12 Nonsuppurative encephalomyelitis and bilateral ganglioneuritis of the trigeminal nerve (Gasserian ganglion) were seen in all 10 raccoons. These lesions consisted of multifocal perivascular accumulations of mononuclear cells (predominantly lymphocytes and macrophages) and focal areas of increased glial cell infiltration in the neuropil (Figs. 1, 2) . Neuronal cytoplasmic inclusion bodies (Negri bodies) were frequently seen in the group 1 raccoons but were only rarely seen in the group 2 raccoons (Table 1) .
The lesions of encephalitis were multifocal. However, they were essentially confined to the brain stem of group 2 raccoons (Fig. 3) , whereas in group 1 raccoons, the lesions were much more widespread. In these raccoons, although the lesions were present in the brain stem, they were predominantly bilateral but not symmetrically located in the cerebral cortices (Fig. 4) . Raccoons in both groups had similar lesions in the proximal spinal cord sections (Figs. 3,4) . Cytoplasmic neuronal vacuolation and neuronal degeneration were not obvious features in any brain sections of the infected raccoons.
Lesions in other body tissues were of incidental nature and consisted of presence of Sarcocystis kirkpatricki (4 raccoons) and Trichinella sp. (1 raccoon) in striated muscles. These parasites were present in raccoons of both groups and were considered background lesions.
In all raccoons, the ganglionic neurons of the tongue, parotid salivary gland, pancreas, duodenum, and adrenal gland did not show inflammatory cellular infiltrates nor did they have any morphological evidence of degenerative changes. However, in group 1 raccoons, cytoplasmic inclusions compatible with Negri bodies were seen in all the tissues except in the duodenum. In the Gasserian ganglia, there was extensive mononuclear inflammatory cellular infiltrate and Negri bodies were present within the cytoplasm of the ganglion cells.
Immunoperoxidase-stained sections revealed char-Figure 1. Hippocampus; raccoon infected with a raccoon isolate of street rabies virus (group 1). The neuropil shows mild gliosis, and several blood vessels have circumferential or segmental perivascular cuffing. HE. acteristic neuronal cytoplasmic inclusions (Negri bodies). 7-9 Irrespective of the virus isolate used, the ABCstained sections revealed many more Negri bodies than were observed in corresponding HE-stained sections (Table 1) . Often, no Negri bodies were seen in HEstained sections, but they could be visualized by the ABC technique (Table 1, Figs. 5, 6) .
In general, Negri bodies were more frequently seen in group 1 than in group 2 raccoons. In group 2 raccoons, they were always present in the brain stem (5/ 5), were infrequently seen in the cerebellum (3/5) and Gasserian ganglion (2/2), and were absent at other anatomic locations. (The exception being the ganglion cells of intestines of raccoon no. 9 [ Table 1 ].)
Discussion
There is a paucity of information concerning explanations for the variation of clinical signs ("dumb" vs. "furious" forms) in animals infected with street rabies virus. 23 In 2 groups of skunks infected with a skunk isolate and a laboratory strain [CVS] of rabies virus, the skunks infected with the skunk isolate showed severe neurologic signs (hyperexcitability, mania, biting attacks), whereas those infected with CVS showed ascending paralysis, recumbency, and tremors. 24 This dif- ference in presentation may be explained by the fact that CVS is a highly neurotropic laboratory strain that has been "fixed" over the years from Pasteurian times as a result of continuous passage in laboratory animals. It is, therefore, likely to produce a syndrome very different from that of a street virus isolate.
The 2 different isolates of rabies virus (raccoon and canine) used to infect raccoons in the present study produced quite different disease syndromes. The raccoons infected with the raccoon isolate (group 1) showed signs that could be classified as a more "furious" form of the disease, whereas raccoons infected with the canine isolate (group 2) had rather mild neurologic signs. Also, group 1 raccoons survived longer than did the group 2 raccoons. A possible explanation for this difference in survival time is that in the animals infected with the raccoon isolate the virus may have become adapted to raccoons via natural serial passage, ensuring perpetuation via bite transmission. Alternatively, it could be argued that because the animals were killed as soon as they exhibited definitive neurologic signs, the difference in survival time may be unrelated to the different isolates used in this study. Personnel responsible for daily monitoring of the raccoons did not know which raccoons had been infected with which of the rabies virus isolates. Host immune responses may be partially responsible for the variation in clinical signs. 15, 25 Recent experiments have shown that T lymphocytes are essential for the development of paralysis in mice infected with rabies virus. 27 However the results of the present and a previous 24 study suggest that the manifestation of clinical signs are also likely to be dependent upon the rabies virus isolate used for the infection of the host.
There was a log-fold variation in the final titration for the canine and the raccoon rabies virus isolates used in this study. Although rabies virus isolates may show a dose dependency in relation to incubation period, it is unlikely that a single 10-fold difference in viral concentration could easily explain the majority of the variation.
The distribution of morphologic lesions in these raccoons was more likely dependent on the rabies isolate used (Figs. 3,4) , and the specific location of the central nervous system (CNS) lesions may also have been responsible for the difference in the observed clinical signs. In an examination of brain tissues from humans that had succumbed to rabies, a similar conclusion was reached. 4 Humans with the predominantly paralytic form of rabies had lesions present in the spinal cord and the brain stem, whereas in the "furious" form of the disease, microscopic lesions were more widespread in the thalamus, hypothlamus, cerebellum, and cere- bra1 cortex. Immune status and concurrent infections of the host may also play a part in the type of inflammatory infiltrate. In a case of eosinophilic encephalitis in a raccoon experimentally inoculated with a street rabies virus, 11 that lesion may have been caused by an unknown immunologic stimulus (probably parasitic). In another case of concurrent rabies and canine distemper infections in a raccoon, none of the histopathologic changes associated with rabies were present, 10 probably because of the immunosuppressive effects of the canine distemper virus.
In the present study, the distribution of microscopic neurologic lesions in raccoons infected with the raccoon isolate of rabies virus was similar to the distribution of the lesions in raccoons that had contracted the disease naturally in the northeastern USA. 9 Published information in standard veterinary references suggests that the presence of Negri bodies is dependent on the host species infected by the rabies virus. For example, Negri bodies are usually present in the hippocampus of carnivores and in the Purkinje cells of herbivores. 16, 17 Results of the current study show that the location of Negri bodies in brain and in ganglionic neurons of parenchymatous organs differs in raccoons infected with different isolates of the rabies virus. The anatomic location of Negri bodies in raccoons infected with the raccoon isolate was similar to Figure 5 . Ganglion cells, para-adrenal gland; raccoon infected with a raccoon isolate of street rabies virus (group 1). Inclusion (Negri) bodies of various sizes are present in some of the ganglion cells. There is no inflammatory cellular infiltrate present. ABC immunoperoxidase method, AEC chromogen, Mayer's hematoxylin counterstain. Figure 6 . Brain stem; raccoon infected with a raccoon isolate of street rabies virus (group 1). Note neuronal cytoplasmic inclusions (Negri bodies) in neurons. ABC immunoperoxidase method, AEC chromogen, Mayer's hematoxylin counterstain. that in naturally infected rabid raccoons from the northeastern USA. 9 Thus, experimental results may mimic the findings in natural cases of raccoon rabies.
In the salivary glands of rabid animals, there is often focal lysis of acinar cells: a mononuclear cellular infiltration and, uncommonly, presence of Negri bodies in the ganglionic neurons. 1 In the raccoons in the present study, no evidence was found of either acinar cell degeneration or the presence of inflammatory cells in the salivary gland tissues. However, Negri bodies were consistently detected in the ganglionic neurons of raccoons infected with the raccoon isolate but not with the canine isolate (Table 1) . Similar findings have been documented in raccoons naturally infected with rabies in the northeastern USA. 9 Despite their importance as the major rabies reservoir in the USA, there is limited experimental information concerning raccoon rabies. 28 Besides the potential role of viral burden and route of transmission in lyssavirus pathogenesis, the particular viral isolate associated with a given mammalian species may also partially explain the observed geographic compartmentalization of the overall disease to a selected host, i.e., because of variation in overt susceptibility, incubation period, clinical signs, morbidity duration, or viral excretion. 2, 3, 26, 17 Regardless of the ubiquity and abundance of raccoons throughout North America, raccoon rabies is a phenomenon currently restricted to the eastern USA. Although widespread in the midwestem USA, where skunk rabies is enzootic, raccoons are not an important host in this region; relative resistance to the skunk rabies isolate may be a factor. 13, 14 Alternatively, apparent differences in the degree of CNS tropism and involvement, with variation in clinical response, may also partially explain specific rabies virus entrenchment in a given host in different geographic areas. Additional studies with serial dilutions of different rabies virus isolates in raccoons and other carnivores may support these preliminary observations.
